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I, NGtnfBN Dinh-Nguyen, aud I, Einar 
August Stemhagek, a citizen of Vkt-Nam 
and a dtizen of Sw^len, respecdvely, and of 
Hagalcersgatan 30A, Molndal, Siveden and 

5 Inr^gaTegatan 7, Molndal, Sweden, respec- 
•dvdy, haxhy dedare invendon for winch 
we 'pay du^ a paXsjtt may be granted to U5» 
and tlie tnediod by k Is to be pedi^^ 
to be pamiadarly described in and by die 

10 fo^Dwing statement: — 

The pcesoit ixxvcntioa relates to a norrel 
mediod of dentmting hydrogen-contami^ 
organic compounds. 
Various mediods for syntfaesising oi^anic 

15 <xxix]|N>imds having beavy isotopes of hydrogen 
cbemtcaHy bcHided ibereto have been descr^xd 
previously. Generally tisse mediods have oa|; 
allowed a x3nmplere x^^cement of hydrogen 
by dcuteriuni in low molecular weight ccun- 

^ pounds, and domoplete xeplaceaient in high 
.molecular weight compounds has not been 
achieved. For txsm^e, hydrogen-containing 
oigamc coix^>ound5 have been treated 
w&i heavy "waiter in the presence of an alkati 

^ and a piatimim catalyst Ttss ^&»vs the 
pbcmeot of parctodarty labik hydiDgm atonic 
but doea not constidile a general mediod for 
the oompkte exchat^ of aU the hydrogen 
atoms in Ing^ mniecnlar wei]^ compotmdsL 

30 The pceseot mmacba provides a generaL 
praoesff for tiie compiete vesdacement ^ jB^ 
hydrogen by deutetnim in bydiogcn-coitfauung 
ocganic conqpoundSy indhKhng compounds ei 
high BK^eoako' wri^ Acooiduig to the pn^ 

35 sent mventfCHi diis can be adikved by using 
an ad^donal catalyst (heranafter lefmed to 
as the proimoKsr). 

Acxocdio^ die praent mvendon provitdea 
a process of producktg deutecated osganic oun- 

40 pounds \vhidi oomprises deuterating the 
ciKxespoQding hydrc^en-containing organic 
con^xsund widi dcntfrtum oxide in the pre* 
sence of an aTkaWne dcuteniiJdey as hereinflfter 
de&ied» a mend catalyBt <^ the 

45 group and a deuterium peroxide promoter. 



The new process can be used ttot only for 
the small scak production of deutcrac^ oigank: 
compounds for sdentific puiposes but also on 
an industrial scale. 

Hydit>gen--containing organic compounds 
which may be deuterated axxordir^ to the 
preseatt inventioii inchide hydrogen-containing 
fatty adds, dicaibcxsylK: ack^ ketones, alcohok 
and hydiocaibons. The process can- be used 
for die preparation cf deuterium^amtaining 
compotHids of h^i isotOfHc purity (over 99 
percec^), die purity being limited only fay die 
isotopSc purt^ of deifl£zium source. 

Among die catalysts which may be used in 
ihe process of ihe pre^t inveotisHi the reduced 
form of Adams phctinmn oxide catalyst has 
been found very suitable. This catalyst, which 
may be dbteined by the leduction of 

[Pta^'H,0] 

in suspension in decEtcrium oxide, with 
deuterium gas has a high activity. 

Th& ali^lm&<leuten>xide) which may be 
defined as any odkali metal oc alkaline earth 
metad deutenxxide provided the metal does nxyt 
form insohdde prodoct^ widi die hydrogen^ 
ooDitaix^ng oi|jahic cotmpound, and deuterimn 
penndde pnmoter can be prepared together 
by reacth^ the pcnmde of an alfcaH or alkalis 
earth meed with deuterium oxide. The use 
of. gramdated aodtitm pecnxide is preferied. 
It is px e f e r r ed that the amounte A sodnsn 
peroodde are adyiistffd so that the sodium 
deiiteroxide (Le. the alkaline catalyst) and 
deutcritan perinMe (Le. the pnHnqter) are 
fonned in eqinvateoi: ammmte, but difiering 
mounts of baric catalyist and pitMnocer can be 
used. 

Suitably, the starting material is heated in 
a aohMon of an alkalbQe-deiiterojdde in 
deuterium ocdde in the presence of deuterium 
peroxide and the metal caiailyst in a dosed 
vcssd wkhctmtinuous ^laldng. The detitena^ 
compounds are isolated :finim the reacdon mix- 
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tuDe by conventional methods. The metal cata^ 
lyst can be recovered and reconverted to iis 
initial active form. Tlie alkali or alkaline eardi 
metal which results can also be recovered, if 
5 required Several factors are of importance in 
influencing liie extent of exchange in a single 
run, and stch fiactors include the temperature, 
the relative amount of catalyst, and the dme 
of heatmg. The optkmun oonditions can be 

10 found by routine c^)erimenL Hie nature ol 
the metalMc catalyst and the structure of the 
raganic oonqyound, of course, also influence 
the eictent of the deutenitioa. It is important 
to avoid isotope dilution. 

15 In the laboiatray h^vy- walled reaction 
tute of a resistant gfeass, such as 'Tyresc" 
(Registered Trade JVlarfc), can be used, but the 
tubes should be used only once. PrepanatKHi 
oa a larger 5cale requires heated high-piessuie 

20 vessels vfixh inert inner surfaces. In ihe foiner 
cases the nibes are placed in an effective 
flaking machine in a theimoscat controlled 
oven, and in die latter suitable means f<nr 
effective stirting of die contents of tiie reaction 

25 vessd must be provided. 

The f o&ywing £xaix^>les illustrate the inven- 
tion. Paits are by weight unless otherwise 
sOsifid. 



BSAMPLE 1 

30 Peideutezxh-oatadecanoic Acid 

Preparadan of the metd catalyst 

24.5 Parts of Adams cacdyst (PtOjJffjO) 
and 100 parts of heavy water (99.78% D2O 
from Norsk Hydro) ait introduced into a 

35 reaction vessel. Afo^ evacuating the air 
deutenum gas is admitted, and the vessel is 
shaken untQ the pdaidnum <»dde has been com- 
pletely ledwedL 



Preparation (rf alkaline catalyst and promoter 

15.5 Parts granular sodium perosdde 40 
(NazOo pro anclysi from E. Merck AG), are 
added cautiously, in small p<^ons, to 1000 
parts of heavy water, with cooling. The resutt- 
ing solution contains dieoredcally 16.4 parts 
of sodiimi deuteroxide and' 7.2 parts of 45 
deutenum peroxide (alkaline catalyst and pro- 
moter re^)ectively). 
The exchange reaction 

After inccoducing successivdy 57 parts of 
»-octadecanoic (stearic) acid, the solution of 50 
alkaline catalyse and promoter, and 400 parts 
of heav^ water into the reaction vessel, the 
system is frozen in dry-ice, air is xemovcd by 
evacuation and the vessd hermetically sesied. 

The system is heated to 240^, and kspt at 55 
tiiis temperature for 28 hous wtib v^pnnis 
^laldng. After coolings the vesel is un^akd-, 
and the resuhing heterogeneous mixture is 
sdrasd uncil honu^geneous. Tbe water (a miK- 
tuite of 1^0, HDO asid DaO) is evaporsted in 60 
vticuo at room leuipeiature. 

1500 Part5 of fiatvy water are added to the 
dry powdered residue in the icaction vessel, 
and the vessd js sealed aAit evacuation. Thffi 
seccjod exchange rfurtioHi is executed tnidicr CS 
the same condidons as that of the first one just 
dnescribed. After eve^radng to dryness and 
acTdirfyhig vmh dilute iiydnx&ljc»ic acid, tibe 
oz]ganic phase is extracted wxdi e&er. Hie 
ciude product dranatogcaphed on a siMctc 70 
add cdumn. 

57 Parts (90 percent of die theoieticai 
amoum) of perdeuGero-octadecanQic add aie 
obtained. Mass ^>ectnHnetric analysis of the 
xnediyl ester showed that the add hod an iso< 75 
tope purity of >98l%. 

The synlheas can be summarised as^ 
foUows. 



Compounds 



CH^CHJie — COOH 
D,0 
PtO^HjO* 

Pt 

Na,08* 
NaOD 

CDg-(GD^16 — COOH 



Molecular 
Wdght 


Molecular 
Ratios 


Parts 
by wei|^ 


284.468 


2 


57 


20.028 


1500 


3000 


245.246 


1 


24.5 


195.09 


1 


(19.5) 


77.994 


2 


15.5 


41.011 


4 


(16.4) 


36.028 


2 


(7.2) 


319.678 


2 


(63.8)57 



80 Tiie tocal reactaon time is 56 hours. Tlie are maiied -with an asterisk. The figures wMm 
starting material for die catalysts and promoter bmcke!ts are theoxedcai vahie& 
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ESAMKLE 2 

PbrdButerocamphor 
Oampbor oontann three methyl groups 
whose hydix)g!eit amas are difficult to exchange. 
Iq order to ^aow the effidoxy of die present 
psocess in b difficidt case oidy one hydrogen- 
denteriam exchange was made. In the pies^ 
cBse^ the nactioa pftiduDt: was eztcacted vnA 
ttsibfdeom ether mm tbe reacdoa miztum 
Froni 60.8 {Acrts <tf camphor the pfooess yftddli 



62 parts of deutmted product^ no by-prodnds 
4ieiDg detected 'by gasnchroiiODtxigniiiiric 
anBlysis. Mass-spectnsnetric analysis of this 
isopcmml cimipouiid -A.cmcd die presence of 
some Qo^iftO, but the pdndpal oonopmnd 
wto QoHaDuO. Tbe overall exchai^ in this 
angle nin ms ^shcntt 78 peroent, cwlailatcd 
from the noass iqwctrooL 
Tbe syndsesb is soimnaxised in the following 
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Compounds 



152,228 

D4O 20*028 

PtO„H,0* 245.246 

Pt 195.09 

NajO,* 77.994 

NaOD 1 41.011 

DgO, 36.028 



QoDjeO + analogues with 168.324 
lower deuterium 
content 



Molecnlar 
Weight 



Molecular 
Ratios 



4 

1000 
1 
1 
2 
4 
2 
4 



Farts 
by weight 



60.8 
2000 

24.5 
(19.5) 

15.5 
(16.4) 

(7.2) 
(67.2)62 
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BSAMFLE 3 

Penleiiteroanthraccne 
The synthesis was performed under the same 
ccMufitions as used for the preceding com- 
pounds. The hydiogien Qi:oins in anthracene 
are easy to exdmnge and a single run gives a 
fully deisterated product Separation of the 
expected compound from r^dting mixture 
was perfonned (after evaporating off water 
(HtO;EflXM>20)) by estraccioa whh dxy 



benzene. The light yellow extrajct was then 
ootioentrated by eviBfpotiation at room ten^pera- 
Cure, and heptane was added to precipitate dK 
final deuterated pulycycHc hydrocatbon, 53.4 
Parts of andnacenc tito yielded 48 j^rts (85 
perceirt) of perdeuteroanthzacene of hdgji iso- 
topic ipas^y Bs shown by mass spectrametnc 
analyns (>99 peiceiit). 

The syiidieats s summarised in ihe following 
Table: 
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Gmipounds 


Molecular 
Weight 


Molecular 
Ratios 


Parts 
by weight 




iu 


178.220 


3 


53.4 






20.028 


1000 


2000 




PtO^jO* 


245.246 


1 


24.5 




Pt 


195.09 


1 


(19.5) 






77.994 


2 


15.5 




NaOD 


41.011 


4 


(16.4) 






36.028 


2 


(7.2) 






188.280 


3 


(56.4)48 
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WHAT WE CLAIM IS: — 

1. A process of producing deuterated 
oi^ganic compounds "wliidi conipdses deutei^ 
ing the cone^nding hydrogen-CGntaining 

5 organic conipoucd widi deutjerium oxide in die 
presence of an alkaline deuteroxide, as bereinr 
before defined, a metal catalyst utf the platinum 
group and a deuterium peroxide promoter. 

2. A pnocess according to claim 1, wherein 
10 the alkaHne deuterosdde and promoter are pre- 

pardd jointlT' by reaoting an aUkBli mml or 
alkaline eaiiii nietal peroxide with a deuterium 
oxide. 

3. A pnxress according to claim 1 or 2, 
15 wherein the metal catalyst is prepared by 

reducing a suspension of Adam's pkdmsn 
oxide catalyst in deuterium oxide with 
deuteriiHn gas. 

4. A process according to any one of the 
20 preceding claims, in which the organic com- 
pound is a hydrogen-comraining iatty add. 



cHcarboxylic acxl, ketone, alcohol or hydio- 
caitxm. 

5. A process acaxrdu:^ to any one of the 
preceding claims, in w^ndi the denteration is 25 
carried out in a dosed vessel under concfiti<»is 

of vigorous dialdi^, and at an elevated tem- 
perature. 

6. A process of producing deuterated 
organic compounds aax)rding 130 claim 1, sub- 30 
stsmtially as hereinbefore described. 

7. A process of producing deutofttsed 
organic compounds substantially as desaixd 
in any one of Examples 1 to 3. 

8. Dait3erat£d organic compounds whenever 35 
produced by a process as daiined in any one 

of dftuns 1 to 7. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 
Gray's Inn, London, W.Gl. 
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